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4-Chloro-3-fonny1coumarins 2a-e on reaction with ethyl 3-
aminocrotonate 3 gives ethyl 2-methyl-S-oxo-SH-[IJbe11Zo-
pyrano[3,4-c]pyridine-l-carboxylates 4a-e in good yields.
Diverse biological-activIties such as
photosensitizing, pesticidal and anticoagulant are
exhibited by 3,4-heterQcyclic fused coumarins'".
Hantzch reaction involves the reaction of aldehyde
.with NH3 in enthyl acetoacetate or ethyl 3-
aminocrotonate to synthesise dilrydropyridines"
and pyridines"!'. We report herein a facile synthesis
of ethyl 2-methyl-5-oxo-5H-[ 1]benzopyrano[3,4-c]
pyridine-l-carboxylates 4a-e.
The required 4-chloro-3-fonnylcoumarins 2a-e
were prepared under Vilsmeier-Haack reaction
condition" as shown in Scheme I. An equimolar
solution of 4-chloro-3-fom1ylcoumarins 2a and
ethyl 3-aminocrotonate 3 in methanol was refluxed
for 6 hr. On cooling the reaction mixture, ethyl 2-
methyl-5-oxo-5H-[ 1]benzopyrano[3,4-c ]pyridine-l-
carboxy-late 4a separated out (Scheme I). 'H NMR
of 4a showed a pattern suggesting the pyridyl ring
fused to 3:4 position of the coumarin; H-4 of the
pyridine ring resonated as a singlet at 8 9.55 and the
C-2 methyl group resonated as a singlet at 2.72.
The resonances due to COOC2HS group appeared at
8 1.42 (t, J=7Hz, CH3) and 4.56 (q, J=7Hz, OCH2).
The four aromatic protons of 4a, H-7,8,9 and 10
resonated as a complex multiplet in the region 7.20-
7.90. In the 13C NMR spectrum of 4a, the newly
formed pyridine ring carbons appeared at 8 130.5
(C-l), 159.2 (C-2), 20A (C-2 CH3), 158.0 (C-4),
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Scheme I
148.3 (C-4a), and 109.1 (C-IOb). MS of 4a showed
M+ at m/z 283 and the base peak at m!z 238.
Similarly, 4b-e were obtained from the reaction
of ethyl 3-aminocrotonate 3 with 2b-e. The
structures of 4b-e were confirmed by analytical and
spectral data.
The reaction of aldehydes with ethyl 3-amino-
crotonate 3 generally gives dihydropyridines".
However, in the present study we observed the
formation of pyridines 4a-e.
It is considered that the Michael addition of 3 at
the electron deficient C-4, which is P to two
carbonyls, gives an intermediate 5 which by
condensation of NH2 group with the C-3 formyl
group and the loss ofHCI gives rise to 4 (Scheme II)
Antibacterial activity in vitro. Compounds 4a-e
showed a minimum inhibitory concentration (MIC)
of 75 ~g/I11L against both Staphylococcus aureus
and Escherichia coli.
Experimental Section
General. Melting points were determined in sulfuric
acid-bath and are uncorrected. IR spectra were
recorded on FT-IR Perkin-Elmer 1710
spectrophotometer and IH NMR (200 MHz) and
J3C NMR (50.3 MHz) on a Varian Gemini 200
spectrometer using TMS as internal standard
(chemical shifts in & ppm). Mass spectra were
recorded on as UG Minomasss 7070 H instrument.
4-Chloro-3-formylcoumarins 2a-e. These were
prepared as per the literature procedure by the
Vilsmeier-Haack reaction" with the corresponding
4-hydroxycoumarinsl2 la-e.
4-Chloro-3-formylcoumarin 2a: mp 121°C (lit4,
mp 120-22 0C): IH NMR (CDCI3: s 7.50 (2H, m,
H-7,8), 7.80 (lH, m, H-6), 8.20 (IH, m, H-5),
10.40 (lH, s, CHO).
4,6-Dichloro-3-formylcoumarin 2b: mp, 140°C
(lit4,mp 140-41 0C): IH NMR (CDCb): s 7.35 (IH,
d, J=9Hz, H-8), 7.65 (1H, dd, J=9, 2Hz, H-7), 8.12
(d, IH, J=2Hz, H-5), 10.35 (1H, s, CHO).
6-Bromo-4-chloro-3-formylcoumarin 2c: mp 119
°C (lit4,mp 121°C): IH NMR (CDCI3: s 7.40 (1H,
d, J=9Hz, H-8), 7.62 (1H, dd, J=9, 2Hz, H-7), 8.10
(d, IH, J=2Hz, H-5), 10.37 (IH, s, CHO).
4-Chloro-3-formyl-7-methylcoumarin 2d: mp
158°C (lit4, mp 158-59 0C): IH NMR (CDCb):
s 2.50 (3H, s, CrCH3), 7.15 (lH, d, J=2Hz, H-8),
7.22 «IH, dd, J=9, 2Hz, H-6), 10.31 (1H, s,
CHO).
4-Chloro-3-formyl-7-methoxycoumarin 2e: mp
160°C ((lit4, mp 161°C): IH NMR (CDCb): 8
3.85 (3H, s, C-6 OCH3), 7.00-7.50 (m, 3H, H-5,
6,7), 10.31 (1H, s, CHO).
General procedure for the synthesis of ethyl 2-
methyl-5-oxo-5H- [1]benzopyrano [3,4-c] pyridine-
I-carboxylates 4a-e: 4-Chloro-3-fonnylcoumarins
2a-e (10 m moles) and ethyl 3-aminocrotonate 3
(10 m moles) were dissolved in methanol (50 mL)
and refluxed on a steam-bath for 6 hr. The solution
was then cooled to room remperature and the
resulting solid filtered and recrystallized from
CHCb to give pale yellow 4a-e in 80% yield.
NOTES 687
Ethyl 2-methyl-5-oxo-5H[I]benzopyrano [3,4-c]
pyridine-l-carboxylate 4a: mp 189°C; IR (KBr):
1720 (C=O), 1735 em" «C=O); !H NMR (CDCh):
& 2.72 (3H, s, CH3), 1.42 (3H, t, J=7.0 Hz, CH3),
4.56 (2H, q, J=7.0Hz, CH2), 7.20-7.90 (4H, m, H-
7, 8, 9, 10), 9.55 (1H, s, H-4); !3CNMR (DMSO-
d6 + TFA): & 15.1 (CH3), 20.4 (C-2 CH3 66.9
(OCH2), 109.1 (C-lOb), 115.2 (C-7), 121.0 (C-9),
128.3 (C-IO), 129.0 (C-I0a), 130.5 (C-1), 139.5
(C-8), 148.3 (C-4a), 148.9 (C-6a), 158.0 (C-4),
159.2 (C-2), 160.4 (C-5), 1'67.7 rc-r C=O);
MS:m/z 283 (~, 83%), 238 (l00), 210 (50). Anal.
Calcd for C!~13N04: C, 67.80; H, 4.59; N, 4.94.
Found: C, 67.84; H, 4.60; N, 4.89%.:
Ethyl 9-chloro-2-methyl-5-oxo-5H-[I] benzopy-
rano[3,4-c]pyridine-I-carboxylate 4b: mp 252°C;
IR (KBr): 1722 (C=O), 1740 em'! (C=O); !H NMR
(CDCh): & 1.50 (3H, t, J=r.7.0,CH3), 2.72 (3H, s,
C-2 CH3),4.60 (2H, q, J=7.0, OCH2), 7.35 (lH, d,
J=9.0 Hz, H-7), 7.55 (lH, dd, J=9.0, 2.0 Hz, H-8),
7.80 (lH, d, J=2.0, H-I0), 9.52 (lH, S, H-4). Anal.
Calcd for C!~12CINO,r C, 60.56; H, 3.78; N, 4.42.
Found: C, 60.52; H, 3.81; N, 4.40%.
Ethyl 9-bromo-2-methyl-5-methyl-5-oxo-5H- [1]
benzopyrano [3,4-c] pyridine-I-carboxylate 4c: mp
212°C, IR (KBr): 1720 (C-O), 1740 em'! (C=O);
!H NMR (CDCh): & 1.48 (3H, t, J= 7.0 Hz, CH3),
2.70 (3H, S, C-2 CH3), 4.57 (2H, q, J=7.0 Hz,
OCH2), 7.32 (lH, J=9.0 Hz, H-7), 7.58 (lH, d,
J=2.0 Hz, H-8), 7.85 (lH, d, J=2.0 Hz, H-I0), 9.49
(lH, S, H, H-4). Anal. CaIcd for CI~12BrN04: C,
53.03; H, 3.32; N, 3.85. Found: C, 53.01; H, 3.33;
N,3.83%.
Ethyl 2, 8-dimethyl-5-oxo-5H-[I]benzopyrano-
[3,4-c]pyridine-I-carboxylate 4d: mp 184°C; IR
(KBr): 1715 (C=O), 1735 em'! (C=O); !H NMR
(CDCh): 8 1.45 (3H, t, J=7.0 Hz, CH3), 2.70 (3H,
s, C-2 CH3), 2.48 (3H, S, C-8 CH3), 4.52 (2H, q,
J=7.0 Hz, OCH2), 7.10 (lH, dd, J=9..0, 2.0 Hz, H-
9), 7.20 (lH, d, J=2 Hz, H-7), 7.68 (lH, d, J=9.0,
H-I0), 9.42 (lH, S, H-4). Anal. Calcd for
C17H1SN04: C, 68.69; H, 5.05; N, 4.70. Found: C,
68.74; H, 5.03; N, 4.72%.
Ethyl 9-methoxy-2-methyl-5-oxo-5H- [1]benzo-
pyrano [3,4-c] pyridine-l-carboxylate 4e: mp 173°C;
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IR (KBr): 1720 (C=O), 1733 em" (C=O); lH NMR
(CDCh): 8 L48 «3H, t, J=7.0 Hz, CH3), 2.68 (3H,
s, C-2 CH3), 3.85 (3H, s, C-9 OCH3), 4.52 (2H, q,
J=7.0 Hz, OCH2), 7.00-7.40 (3H, m, C-7, 8, 10),
9.50 (IH, s, H-4). Anal. Calcd for C17HlSNOs:C,
65.17; H, 4.80; N, 4.47. Found: C, 65.20; H, 4.83;
N,4.46%.
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